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Two decades of research on action understanding has resulted in the identification of a cortical “action 
understanding  network”  mainly  encompassing  premotor  and parietal  regions.  Within  this  network, 
mirror neurons map observed actions into the observer’s motor codes for executing the same action [1]. 
Recently,  we  proposed  that  focusing  only  on  cortical  networks  could  be  too  restrictive  to 
explain  important  aspects  of  action  understanding  (e.g.,  the  influence  of  the  observer’s  motor 
experience; the multiple levels at which an observed action can be understood; the acquisition of action 
understanding  abilities).  We  suggested  that  aside  from  cortical  networks  sub-cortical  processes 
involving  cerebellum  and  basal  ganglia  are  crucial  for  the  acquisition  and  expression  of  action 
understanding  abilities  [2].  Support  to  our  proposal  comes  from  recent  data  on  anatomical  and 
functional  organization  of  cerebellum and  basal  ganglia  and  from  recent  evidence  confirming  the 
impairment  of  action  understanding  in  cerebellar  patients  [3]  and  in  Parkinsonian  subjects  with 
damages of basal ganglia [4].
Here  we  incorporate  our  theory  in  a  neural-network  computational  model  of  the  circuits 
underlying action understanding that includes the cerebellum, the basal ganglia, and cortical networks. 
The architecture we propose models the recently discovered neural circuits reciprocally linking basal 
ganglia and cerebellum [5], and the sub-cortical loops these areas form with the mirror cortical areas 
[6]. Within the model the mirror cortical activity triggered by movement observation propagates to the 
basal ganglia through  the subthalamic nucleus [4] and  modulates the basal ganglia output using the 
predicted action outcome supplied by the cerebellum [7].  The basal ganglia output in turn modulates 
the response of the mirror cortical circuits  supplying an additional activity that could be necessary to 
support the representations of observed actions [4]. 
The  model  we  propose  explains  recent  data  about  action  understanding  impairments  in 
cerebellar patients [3] and in subjects showing damages in basal ganglia [4]. Moreover, it supplies a 
first  operational  hypothesis  on  the  functions  of  the  recently  discovered  connections  linking  the 
cerebellum and the basal ganglia [5].
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